Polygonum odoratum is an edible plant traditionally used as an antidiabetic, antimicrobial, anti-inflammatory, and antitumor agent in Asia. The aim of the study was to evaluate the anti-inflammatory effect of P. odoratum and the isolation and characterization of its main fractions. Extracts of the aerial parts were tested for anti-inflammatory activity as indicated by a change in the cytokine secretion in lipopolysaccharide-stimulated macrophages. After separation of the extract by reversed-phase high-performance liquid chromatography, the anti-inflammatory activity of the fractions was determined. Furthermore, the two main fractions were identified by nuclear magnetic resonance spectroscopy ( 1 H-and 13 C-NMR). The ethanolic extract significantly reduced IL-6 secretion (IC 50 25 µg/mL). The two main fractions (5 and 7) significantly decreased IL-6 production with an IC 50 of 102 µM (5) and 77 µM (7), respectively, and were identified as scutellarein-7-glucoside (5) and quercitrin (7). Since inflammation plays a major role in various diseases with high prevalence globally, it may be of importance that P. odoratum and its main constituents scutellarein-7-glucoside and quercitrin can be used as either an alternative or complementary treatment. Additionally, both are glycosides and their activity may be enhanced tremendously by deglycosylation by the gut microbiota.
Polygonum odoratum Lour. or Persicaria odorata (Lour.) Sojak (Polygonaceae), commonly named Vietnamese coriander mint, is widely cultivated in the southern areas of China, Vietnam, and Thailand [1] . Besides its cuisine use as a flavoring agent, this plant has a broad range of traditional medicinal uses such as reducing fever, or amelioration of lung and stomach injuries, feverish coughs and diabetes or as antimicrobial, anti-inflammatory, and antitumor agents [2] . To the best of our knowledge, no previous study on the anti-inflammatory effect of P. odoratum was performed, but there were some studies which showed the anti-inflammatory effects of plants of the same genus, P. hydropiper L. Spach , P. capitatum Buch.-Ham. ex D.Don, P. minus Huds, and P. viviparum L. [3] [4] [5] [6] . Further activities of Polygonum sp. have been reported including antifungal and anti-trypanosomal properties [7, 8] .
Overproduction of pro-inflammatory cytokines results in systemic inflammatory response syndrome, severe tissue damage, and septic shock [9] . Previous studies found several medicinal plants with antiinflammatory properties [10] [11] [12] [13] . Decrease in the secretion of proinflammatory cytokines such as IL-6 and TNF- or an increase of the anti-inflammatory IL-10 was mostly used in previous in vitro studies as an indicator of the anti-inflammatory activity [9] [10] . The aim of this work was the evaluation of the anti-inflammatory activity of P. odoratum extract in vitro as well as the purification and identification of the main bioactive compounds.
P. odoratum aerial parts were extracted with three different solvents resulting in crude extracts with yields of 12.3% for ethanol, 15.1% for 50% ethanol and 16.6% for an aqueous extract. The chromatogram of the preparative HPLC showed 11 main peaks (1, 2, 4, 5, 6, 7, 9, 10, 12, 13, 14) and 3 groups of small peaks (3, 8, 11) (Figure 1 ). The purity of all 11 peaks was above 85% and the one of fractions 5 and 7 above 95%. Fractions 5 and 7 were chosen for continuing the chemical identification, because of their high recovery, high purity, and significant bioactivity. Fractions 5 and 7 were identified as scutellarein-7-glucoside and quercitrin by NMR. To the best of our knowledge, this is the first time that these 2 compounds have been isolated from P. odoratum. Scutellarein-7-glucoside has already been isolated from other plants including Buddleja madagascariensis Lam (Scrophulariaceae) [14] and Plantago asiatica L. (Plantaginaceae) [15] . Quercitrin was found in various plants from the Lamiaceae family including Hyssopus officinalis L., Ocimum basilicum L., and Teucrium chamaedrys L. [16] . The secretion of IL-6 was significantly reduced after addition of either 100% or 50% ethanol extract of P. odoratum at a concentration of 100 µg/mL each ( Figure 2A ). The ethanol extract exerted the highest effect and a significant inhibition of IL-6 secretion in a dose dependent manner ( Figure 2B ) with an IC 50 of 25 µg/mL. No significant effect was found for TNF- secretion and IL-10 secretion was reduced ( Figure 2A ).
After separation of the fractions by preparative HPLC, it was evaluated that none of the fractions was cytotoxic at the concentration used for the anti-inflammatory tests. This was the case for all fractions except fraction 14. Every fraction except fraction 2 significantly reduced IL-6 secretion by at least 25%; the percent of IL-6 secretion compared with the positive control ranged from 22 to 80%. A few fractions showed a significant reduction in TNF- secretion whereas the secretion of the anti-inflammatory IL-10 was significantly increased upon incubation with fraction 1 (Table 1) . The secretion of cytokines was related to the positive control with LPS only. Fraction 14 was cytotoxic at 100 µg/mL.*significant differences compared with positive control (p<0.05).
Scutellarein-7-glucoside (5) and quercitrin (7) significantly decreased the IL-6 and TNF- production, as shown in Figure 2C . The IC 50 for reduction of IL-6 secretion was calculated as 102 µM (5) and 77 µM (7), respectively. The anti-inflammatory activity as indicated by the decrease of cytokine secretion by scutellarein-7-glucoside has not been shown before. An anti-inflammatory activity was supposed since the compound exerted anti-complementary activity in vitro [17] . Various studies on the bioactivity of quercitrin have been published, including anti-inflammatory activity in LPS/interferon-stimulated peritoneal macrophages in vitro [18] and also in vivo in a carrageenan-induced hind paw edema model [19] .
In the human gut, scutellarein-7-glucoside and quercitrin may be hydrolyzed into their more active aglycones scutellarein and quercetin by gut microbiota. The aglycone quercetin is a known anti-inflammatory compound and plays a role in amelioration of several diseases and disorders such as atherosclerosis, thrombosis, hypertension and cancer [20] . We determined an IC 50 of 26 nM for IL-6 reduction in LPS-stimulated macrophages (in a similar experimental set-up) previously [11] . Thus the anti-inflammatory activity may be increased by more than 1000 fold (according to the IC 50 ) by deglycosylation if only IL-6 secretion is considered and if the aglycone is not further cleaved to small phenolic compounds.
Scutellarein (obtained from acidic deglycosylation) reduced IL-6 secretion with an IC 50 of ~1 µM (data not shown). Thus, for this compound the bioactivity was increased by more than 100 fold. It has to be considered that it may be higher because of losses of scutellarein during acidic treatment. However, it may be lower if the phenolic compound is further cleaved to small phenolic compounds. Several bioactivities of the aglycone scutellarein were shown including antioxidant activity [21] and antitumor effects on human cancer cell lines in vivo [22] . Furthermore, scutellarein showed neuroprotective effects on focal cerebral ischemia/reperfusion in rats and thus is a promising candidate for treatment of ischemic cerebro-vascular disease [23] .
Quercitrin and scutellarein-7-glucoside contribute to approximately 50% of the anti-inflammatory activity of P. odoratum ethanol extract, as indicated by the reduction of IL-6-secretion. The minor compounds which cause the remaining activity will be identified in further studies.
In conclusion, anti-inflammatory activity was found for an ethanol extract of P. odoratum and its main compounds quercitrin and scutellarein-7-glucoside. To the best of our knowledge, the antiinflammatory effect of scutellarein-7-glucoside is shown for the first time here. Chronic inflammation plays a role in various diseases with high prevalence. Thus it may be of importance that P. odoratum and its compounds exert anti-inflammatory activity and may be used as an alternative or complementary treatment. 
Bioactivity of Polygonum odoratum
Natural Product Communications Vol. 11 (11) 2016 1653 medium (DMEM), fetal bovine serum (FBS), L-glutamine and a mixture of penicillin and streptomycin were purchased from Life Technologies (Carlsbad, CA, USA). An Enzyme Linked Immunosorbent Assay (ELISA) kit was purchased from eBioscience (San Diego, CA, USA). The remaining chemicals were purchased from either Merck (Darmstadt, Germany) or SigmaAldrich (St. Louis, MO, USA).
NMR:
1 H NMR and 13 C NMR spectra were recorded from CD 3 OD solutions on a Bruker Avance III 400 instrument (Bruker, Germany) at 25°C using a directly detecting BBFO probe (400 MHz for 1 H, 100 MHz for 13 C). Full and unambiguous assignment of 1 H and 13 C NMR resonances was achieved by combined application of standard NMR spectroscopic techniques [24] such as APT, COSY, TOCSY, NOESY, gs-HSQC and gs-HMBC using standard Bruker software.
Plant material and extraction:
The aerial parts of P. odoratum were collected in Chiang Mai, Thailand in January, 2013. The plant voucher specimen (no. 023172) was deposited at the Herbarium of the Faculty of Pharmacy, Chiang Mai University (CMU) and authenticated by the CMU staff botanist. The plant was dried in an oven at 55°C and ground to a powder. The dry P. odoratum leaves were stirred for 24 h in 3 types of solvents: water, 50% ethanol in water and ethanol. After filtration, ethanol was removed by evaporation and water by lyophilization in a Heto Power Dry LL3000 freeze-dryer (Thermo Scientific, Waltham, MA, USA).
Separation by preparative HPLC:
The separation of the ethanolic extract of P. odoratum into fractions was performed using preparative HPLC with a Thermo Scientific Ultimate 3000 system connected to a Hypersil GOLD Column, (5 µm, 21.2 mm x 250 mm) using a mobile phase consisting of solvent A (trifluoroacetic acid/acetonitrile/water 0.1:5:94.9 v/v) and solvent B (trifluoroacetic acid/acetonitrile 0.1:99.9 v/v) with increasing concentrations of solvent B, at a flow rate of 15 mL/min and UV detection at 254 nm.
The purity of each fraction was determined using analytical HPLC on a Dionex-ICS-3000 instrument connected to a C18 column (Kinetex 5µm C18 100 A, 150 x 4.6 mm) and a PDA-100 Photodiode Array Detector using the same solvents and gradient as in preparative HPLC, but with a flow rate of 0.5 mL/min.
Assay of anti-inflammatory activity:
The anti-inflammatory assay was performed as described previously [11] . In brief, RAW 264.7 macrophages were seeded into 12 well plates at a density of 2×10 6 cells/mL, and incubated at 37°C for 24 h. Subsequently, the standards and samples were added and incubated at 37°C for 3 h. Then, lipopolysaccharides from E. coli (LPS) were added at a final concentration of 1 µg/mL and cells were kept at 37°C for 24 h. The positive control was treated with LPS only and for the control, LPS was omitted to obtain the basal level of cytokine secretion. After the incubation, 1 mL of cell supernatants was harvested and used for cytokine measurements by ELISA. The viability of the cells was determined using the MTT (Thiazolyl Blue Tetrazolium Bromide) assay, as described previously [11] . The cytokine concentrations in cell supernatants were determined using ELISA according to the manufacturer's instructions (eBioscience). The calculated concentrations of cytokines were normalized to MTT values. The results from the test samples were then calculated as percent of the positive control.
Statistical calculations:
The anti-inflammatory assay was repeated in triplicate on independent days. The results were expressed as mean ± standard error of means. Statistics were performed using one way analysis of variance using Tukey test comparing all study groups (95% confidence interval). P-values<0.05 were considered as significant. The IC 50 was determined using Table Curve 2D (Systat Software, San Jose, CA, USA).
